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to the electron-withdrawing effect of the F atom. The pKa value of
3-F-4-PAM equals that of the potent reactivator TMB-4, and thus the
reactivator performance of 3-F-4-PAM will constitute a test of the
structural parameters of 3-F-4-PAM versus those of TMB-4 as well

as those of 2-PAM. 1In a chemical test relevant to reactivator
performance it was found that the Beckman decomposition rate of
3-F-4-PAM-benzoate is accelerated relative to that of 4-PAM-benzoate,
also due to the electron-withdrawing effect of the F atom. Systematic
comparative studies of the NMR and UV absorption spectra of 2-PAM,
4-PAM, and 3-F-4-PAM were carried out to help build a data base for
eventual interpretation of comparative reactivator behavior. Initial
chemical synthesis steps towards other F-PAM compounds were also
performed.
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SUMMARY

The purpose of this work is to chemically synthesize and
characterize new quaterraryv pyridinecarboxaldehyde oxime halides
(PAM compounds) which by way of strategic F-substitution in their
pvridine rings have the potential of being rapid reactivators of
. phosphonvlated acetvlcholinesterase. The design of these new
compounds (F-PAM's) is based on current empirical knowledge of
the chemical parameters which are crucial to the reactivation
v process (e.g., molecular stereochemistry and oxime pKa),and the
ultimate performance of these F-PAM's as reactivators of
acetylcholinesterase will constitute explicit tests of those
parameters.
During this initial year of work we successfully synthesized
syn-3-Fluoro-4-pyridinecarboxaldehyde oxime methiodide (syn-3-F-4-
PAM) and have rigorously characterized this compound with respect to
its pertinent physical properties. Synthesis was accomplished by
a sequence of classical organic reactions starting with commercial
2-Amino~4-picoline and progressing to 3-Fluoro-4-picoline. The
latter compound was then converted to the corresponding 3-F-4-
pyridinecarboxaldehyde oxime by the Markovac-Stevens-Ash-Hackley
method (27% yield) followed by quaternization with methyl iodide
GF} ‘o give 3-F-4-PAM (917%). Structure proof was achieved by the
usual methods of elemental analysis, mass spectroscopy, and NMR
spectroscopy, and the nonquaternized parent oxime was additionally
subjected to X-ray crystal structural analysis which showed, among
other details, that the oxime group has the syn-geometry.
In contrast to 4-PAM, whose pKa is 8.6, the pKa of 3-F-4-PAM
was found to be 8.18. Thus, substitution of F for H in the 3-
position of the pyridine ring of 4-PAM 1lowers the pKa by 0.4
units. The pKa of 3-F-4-PAM therewith equals that of the known
potent reactivator TMB-4 (pKa 8.2), and by pKa criteria 3-F-4-PAM
is qualified to be a rapid reactivator. Performance as a reactivator
will therefore constitute a direct test of the efficiency of the
3-F-4-PAM structure (i.e., a mono 4-oxime configuration) versus
the more complex TMB-4 structure (duplex 4-oxime).
Chemical (nonenzymatic) reactivity tests proposed in the
literature by Hagedorn and coworkers for potential reactivators
were carried out on 3-F-4-PAM and 4-PAM for comparison. We found
that the proposed test for nucleophilic reactivity, i.e., reaction
of the potential reactivator with triethvl phosphate (aqueous, pH 7.40),
is too slow to be pragmaticallyv useful. This applies to the reactivity
N of 2-PAM as well as that of abovementioned compounds. By contrast
t}; we found that the proposed test for Beckman decomposition reactivitvy
s is practicable. For this test we svnthesized the benzoate ester of
gt 3-F-4-PAM and additionally the corresponding ester of 4-PAM for
\Y comparison. Structure proof was achieved bv elemental analysis
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and NMR spectroscopy. Decomposition of these benzoates, monitored

bv UV absorption decay, proceeds smoothly in aqueous buffer solutions
at pH 8.05. The decomposition rate of 3-F-4-PAM-benzoate is 5 times
faster than that of 4-PAM-benzoate (half-lives of 12 and 60 minutes,
respectivelv). Our prediction that Beckman elimination (decomposition)
would be accelerated by the presence of the F atom in the pyridine
3-position is confirmed by this finding. Facile Beckman decomposition
is a chemical property requisite to effective reactivation of
phosphonvlated acetylcholinesterase.

Svstematic comparative studies of the NMR and UV absorption
spectra of 2-PAM, 4-PAM, and 3-F-4-PAM were carried out during this
vear to help build a data base for (a) eventual interpretation of
the comparative behaviors of these reactivators, and (b) eventual
correlation between spectral behavior (e.g., oxime (aldehvdic)
proton chemical shift in the NMR spectrum) and reactivator behavior.

Finally during this year chemical synthesis work was initiated
towards other F-substituted PAM's of interest, namely towards
4-F-3-PAM and 3-F-2-PAM. We found that in the case of 4-F-3-PAM
placement of an F atom in the pyridine 4-position is not practicable
because at that position of the ring the Schiemann reaction is not
effective. By contrast, as our synthesis of 3-F-4-PAM has shown, at
the 3-position the Schiemann reaction functions excellently. At the
end of this vear's research we had not yvet reached the Schiemann step
in the synthesis of 3-F-2-PAM but the prognosis for this modification
of 2-PAM is quite favorable.
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‘;: Section I
n First Quarter: September 1 - November 30, 1981
rk Work performed in this quarter was aimed at synthesizing 3-Fluoro-4-
:: Pyridinecarboxaldehyde oxime methiodide, the leading isomer of a family of
:: proposed F-PAM's to be synthesized under this contract.
" Two hundred grams of the commercial starting material, 2-Amino-4-
. Picoline, was divided into four 50-gram portions and, using the method of
N Roe and Seligman,I each was converted to a batch of 2-Hydroxy-3-Nitro-4-Picoline
~ »
N and 2-Hydroxy-5-Nitro-4-Picoline,
-
‘ »
.
N
3
. CH3 CH3
- O2 NO2
- Nitration Hydrolysis
% H.SO,, HNO, NLNo yH 3 O * O (eq. 1)
. 275 M3 Wy Hpby N~ OH N~ OH
}
2-Amino-4-Picoline “ J
~—
L
x isomeric mixture
; m.p. 148-160°C
k-
. The isomers crystallized as a mixture from water, and the weights of the
1%
N four batches were 23.2, 31.1, 34.3 and 36.8 g, corresponding to an average
] vield of 487,
i: Subsequently, two of these batches were converted to the corresponding
‘j 2-Chloro-3-Nitro-4-Picoline and 2-Chloro-5-Nitro-4-Picceline by treatment
" with POCL,.
[
*.
» ’
L CH ¢
s 3 N0, N r '
: Ej POCI. Q\() ,
O s oL
; \ N OH £
: N —_—
. isomeric mixture ISOmeric mixture
bop. 79==1 (020 tora
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The chiiorinated Isomers distrlled as o mixture in amounts of 24.% o and 6.4 o
tor the twe butches, corresponding to an averase vield of 747,
These twe hatches in turn were reduced to 3-Anino-4-Picoline using a

Parr hvdrogenation apparatus and Pd(C) catalvst.,

0 Hy (4% psi)
Y < S
+ 4 H, + CH~C Pd(C), HOAC
C1 per 3 \O<3N3C>
L mole
e
isomeric mixture CH.
NH. 0
< /4
O + CHym €+ NaCl + 0
N OH -
3-Amino-4~Picoline (eq. 3)

The method was essentially that of Roe and Seligman (op. cit.), except that
sodium acetate was employed as a buffer in amounts equivalent with the Cl
groups to be displaced.2 The 3-Amino-4-Picoline crystallized from Et.,0, and
had m.p. 103 - 106° (lit. m.p. 104 - 105°, Roe and Seligman, op. cit.s.

The two batches gave 11.1 and 13.5 g (717 and 827 yields respectively).

One of these batches of 3-Amino-4-Picoline (11.1 g) was then

converted to 3-Fluoro-4-Picoline by the Schiemann reaction.

CH, cH, © ®

. 3 =N 3
NH, NaNO., 0° N=N BF, F

2’ \ O _é% OJ + 8,1+ BF,

. /7
N HBFa(aq.) N heat N
Y-Amino-4-Picoline Diazonium 3-Fluoro-
Borofluoride salt 4-Picoline

(eq. &)

: . -3 4 .
The method emploved was that of Rowbotham and Schaefer” which uses NaNO,

as the diarzotization agent. Although the vield obtained bv Rowbotham and

schacter was only specifed as "gond” their method was chosen in preference
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to that of Roe and Seligman since the latter uses a less convenient

< diazotization agent, ethyl nitrite gas.

In our hands, using NaNOz, we obtained 1.33 g (127 yield) of 3-Fluoro-

f;i; 4-Picoline. The product was first steam-distilled and then vacuum distilled
;i;i (b.p. 110° at ca. 700 torr; lit. b.p. 135° at 748 torr) and gave a picrate
t?fi having m.p. 130 - 131° corresponding to that of authentic 3-Fluoro-4-Picoline
W (lit. m.p. 129 - 130°, Roe and Seligman, op. cit.).

}:{ . Using the above product, a small scale trial experiment was carried
‘:} out to determine whether the general method of Markovac, Stevens, Ash and
\;}? Hackleya can be emploved to convert 3-Fluoro-4-Picoline to 3-Fluoro-4-

p— Pyridinecarboxaldehyde. This method is known to be effective in converting
jii methvl groups located in the 2~ and 4- positions on pyridine to aldehvde
;Eﬁg groups, and is desirable because it does so directly in one step. 1In the
“H: same experiment the product aldehyde can be conveniently reacted with

e hvdroxylamine to give the corresponding oxime, which is usually crystalline.
e H\ A¢O

o CH3 0

- (‘\/[F + 1, + CH,~ S—CH 150% e CH- s
‘&: Cr\) 2 3 3 > (% 3 3 4 2HI
15es (DMSO)

g}‘: 3-Fluoro-4-Picoline

.3

i ?H NH20H

; Ho N H\C'/N‘OH (eq. 5)

@

O
N

'-:_'. N
\ - -‘h
R syn anti
P
e The reaction was carried out on 1.11 g of 3-FLuoro-4-Picoline and its
g
b behavior conformed exactly to the general observations of Markovac et al. A
W, -
\ “» . . . . . -
.- solid addition compound formed upon mixture of the picoline and I,, and after
M 2
~$‘_.
2
4
s
g
af
.":'.'
(¢.<
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oy dissolving this compound in DMSO a vigorous reaction ensued upon heating to

150°, After working up the reaction mixture, which gave a positive dinitrophenvl-
g up p

:g{' hvdrazone test for aldehyde, addition of neutral aqueous NH,OH gave a crvstalline
?i precipitate (0,397 g, 287 vield, m.p. 120 - 125°) which was recrystallized
QBQ from water (0.200 g, m.p. 124 - 128°). The vield of the various oximes in
A the study of Markovac et al. was typically in the range of 30 - 407,
Sii ’ The above experiment is situated at the cut-off point of work comprising
:;: the first quarter, and it represents only the initial stage of experiments
i;: ‘ necessary to establish genuine syn- and anti--3-FLuoro-4-Pyridinecarboxaldehvde
‘ oxime methiodide.
£ﬂ2 The following discussion will serve to summarize what has been accomplished
tgj and to designate important work for the second quarter. The first three steps
f%: (eqs. 1-3) in the preparation of 3-Fluoro-4-Picoline are now pragmatic in this
- labeoratory and give reliable, acceptable yields. However the fourth step (eq. 4)
;32 gave us a low vield using NaNO2 as the diazotization agent and in the second
éﬁ{ quarter ethyl nitrite will be employed instead. Roe and Seligman (op. cit.),
:r; whose work we have found accurate, report a 687 vield under those conditions. As
2 can be construed from our management of materials, we have ready back-up amounts
;52 of 3-Amino-4-Picoline for input into the diazotization step.
Efé; The results obtained in the final experiment (eq. S) strongly suggest that
f:ﬁ the method of Markovac et al. is applicable to 3-Fluoro-4-Picoline, to convert
, it directly to 3-Fluoro-4-Pyvridinecarboxaldehyde oxime. Early in the second
ﬁti quarter the crystalline product described above will be analyzed bv nmr, ir, and
lﬁ;: if such spectral analvsis supports the 3-Fluoro-4-Pvridine carboxaldehyvde oxime
'{L: structure, elemental analyvsis. Additionally, if judged necessarv, the compound
a will be scrutinized bv mass spectroscopy.
f;; ’ Contingent upon rigorous structure proof, the Markovac-Stevens-Ash-Hackley
iz reaction will be scaled up and at the same time attention will be paid to details
.E; of oxime geometrical isomerism, As seen in eq. 5, both syn- and anti-isomers
o~ are possible, and one or the other mav predominate. The oximation product mixture
‘:E: will be analvzed by GC, HPLC and nmr, together with possible fractional crvstal-
‘:ji lization , and conditions of oximation (e.g. temperature, pH) may be varied to
tj: increase formation of the minor isomer. Short of x-rav crystallography, assignment
- of geometric structure is best made by comparative nmr spectroscopy, requiring both
k2
e
4%
e
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isomers, as exemplified by the study of Poziomek, Kramer, Mosher and

Michel.>
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In addition to the above synthetic and physical determinations, the

ek

L]
2

svn- and anti-3-Fluoro-4-Pyridinecarboxaldehyde oximes will be converted

."

ot ]
‘.

to their corresponding methiodides, which are the desired 3-F-4-PAM's,
These compounds will be physically characterized, including determination
of their pKa values.

It is projected additionallvy that in the second quarter synthetic

K ~ work toward the 3-F-2-PAM's will be initiated.
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:it: Section II
PN
N Second Quarter: December 1, 1981 - February 28, 1982
i !h.J

o

ix: Work performed in this quarter achieved (1) the final steps of the
_iﬂ synthesis, in gram amounts, of 3-Fluoro-4-Pyridinecarboxaldehyde oxime

ab methiodide (3-F-4-PAM), and (2) determination of some of the physical
RL* . properties of this compound relevant to future studies regarding potency
Y

N to reactivate phosphonylated acetylcholinesterase.

" .‘-_
b o g In the Section I, First Quarter, a poor yield (127) of the synthetic
D¢

' precursor 3-Fluoro-4-Picoline was obtained from the Schiemann reaction.
fuj That situation has been significantly improved by employing ethyl nitrite
”:: (EtONO) instead of sodium nitrite as the diazotization agent.1 A suitable
A method for EtONO generation is given in Organic §yntheses.6

":."
- (eq. 1)
20 H “e o Chs
- 3 N, N=N BF F

<:) EtONO, 0°-10°C. <:> 4 60° S (:> " N2¢ + BF3

= : HBF, (aq.) N heat 5

=

jﬁ 3-Amino-4-Picoline Diazonium 3-Fluoro~4-Picoline
- 13.5 g Borofluoride salt 8.50 g distilled

" (0.125 Mole) (0.076 Mole)

e

L 61% yield

-
.::: Since a preliminary small-scale experiment in the first quarter
s

3 indicated that 3-Fluoro-4-Picoline can be converted directly to 3-Fluoro-
i;: 4-Pyridinecarboxaldehyde oxime by the general method of Markovac, Stevens,
.:f: Ash and Hackley,A we scaled this reaction up, using 8.50 g of starting
-
.. material.
ALY
‘x::
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l.’l
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o H_ 0 ?
kR e F 0 I F
°

3 @ + 1, + CHy- g'CH3 A @ + CHy= S=CHy + 2HI
P ) N
?g;é 3-Fluoro-4-Picoline (DMSO)
i 8.50 g QH (eq. 2)
(0.076 Mole) H o INRLNG 2M NHOH
A ) pH 7.4
Ezis [g%i]/F [géi]’F room temp.
s +
O N N
g
'5&: Work-up gave a crude product mixture weighing 4.05 g, a sample of which
j:ﬁ was examined by analytical-scale HPLC using a reverse phase column (HZO/MeOH
o solvent system) on our beckman-Altex instrument. The chromatograms (see
.fﬁ Figs. la and 1b) indicated two components comprising about 967 and 4%, which
{ii may correspond to two geometrical isomers depicted in eq. 2. The pyridinecar-
.;ﬁ boxaldehyde oximes can be detected in nMole amounts due to their strong
il absorption in the UV (254 nm).
;igz Careful crystallization from HZO/EtOH gave 3.15 g of the major component
'ti: (which we will call isomer A, m.p. 125 - 128°C) contaminated with about 1.57
é%é of what we assume to be isomer B (see Fig. 2a). The supernatant material from

, the crystallization was mostly A but enriched to about 6.5%7 in B (see Fig. 2b)
‘;%:‘ which to date we have not been able to isolate. In principle this could be
::: achieved by preparative~scale HPLC but has not yet been attempted.
égz : For purposes of comparison we have examined the HPLC behavior of a

commercial sample of 4-Pyridinecarboxaldehyde oxime (Sigma Chemical Co.)

RN See Fig. 3a) and co-chromatographed it with our 3-F analog (Fig. 3b). The two
Egi compounds have similar retention times, but while the 3-F compound gives a
":: sharp elution peak the non-Fluoro compound gives a broad peak for reasons
= presently not clear to us.
‘}?? It is tempting to assign the syn-configuration to our component A, in
E:; simple analogy to the non-Fluoro case reported by Poziomek, Kramer, Mosher and
ﬁﬁz Michel.® These workers found the syn isomer to greatly predominate over the
' anti such that they could isolate the latter only in vields less than 57.
: ;E However in our case such an assignment would be premature and should await
z;ﬁ additional studies.
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! :
b Based on the weight of our twice-crystallized component A (2.90 g), i,
i the vield for eq. 2 is at least 27%, which is comparable to the yields :
%: obtained for the reactions studied by Markovac, et al. (op. cit.). i
- That component A is structurally 3-Fluoro-4-Pyridinecarboxaldehyde :
i: oxime (Mw 140.12) is supported by its mass spectrum (Fig. 4) and its proton A
NMR spectrum (Fig. 5).
z In the mass spectrum the base peak is at m/e 122 corresponding to water :
é loss from the molecular ion. As expected, the molecular ion (M+) peak at m/e i
A:; 140 is present and in nearly the same intensity as the water loss peak. %
Additionally there is an (M+1) peak (m/e 141) of about 7% the intensity of :
ii the molecular ion peak, as is expected for a molecule of C6H5N20F constituency j
N (there is no F isotope to contribute to an M+l population). f
2 In the proton NMR spectrum (Fig. 5), obtained in D20 solventwitha 3- o
(Trimethylsilyl) propane sulfonic acid sodium salt (DSS) as internal standard, .
:. all of the resonance peaks occur downfield from DSS at chemical shifts greater o
- than 7.50 ppm. Interpretation is best made in comparison with the corresponding E
‘f spectrum of the non-Fluoro analog, 4-Pyridinecarboxaldehyde oxime (Sigma .
. Chemical Co.) shown in Fig. 6. In the latter the four protons cn the pvridine
& ring appear as a pair of internally split doublets, one doublet centered near E'
‘ 7.60 ppm and the other near 8.50 ppm. The doublet located most downfield ;
f (8.50 ppm) corresponds to the two protons (H-2 and H-6) adjacent to the nitrogen ]
v in the pyridine ring. The other doublet corresponds to the two protons (H-3 and -
’; H-5) adjacent to the carboxaldehyde oxime group. Integrations of the respective a
:: resonances in the spectrum are proportional to the number of protons partici- :f
: pating. The acidic proton on the oxygen of the oxime group is washed out in !
DZO and doesn't appear. In these spectra an upfield peak due to hydroxyl
< .
;; impurity in the DZO solvent was omitted for cosmetic reasons. R
t In the spectrum of the 3-F compound (Fig. 5), the pattern of resonances ]
: is changed relative to Fig. 6 because the F atom on the pyridine ring renders K
the protons more nonequivalent. The spectrum is additionally complicated in
E that substitution of F for H in the 3-position results in a shifting (deshield-
j: ing) of the aldehydic proton resonance downfield so as to coincidentally overlap
A; with the resonance of one of the ring protons (H-6) at 8.40 ppm. The narrow
: doublet at slightly lower field (centered near .50 ppm) is due to H-2 split 3
ﬂ by the 3-F atom. It (H-2) is the most deshielded proton in this compound since S
) N
$‘
: i,
B e e T i



11
it is situated between the pyridine nitrogen and the F atom. The conspicuous
triplet centering at 7.72 ppm is interpreted as due to H-5, which by contrast
is the least deshielded of the protons. It is a triplet because it is split
by both the 3-Fand the H-6 atoms with similar coupling constants. It is y

known from studies of FluoroPicolines3 that the coupling constants between

ortho-related protons and between meta-related F and H atoms in pyridine

; compounds can be of similar magnitudes. The proton on the oxvgen of the

:2 oxime group is washed out in D,0 solvent.

:} . The final reaction in th; synthesis of 3-Fluoro-4-Pyridinecarboxaldehvde !
N oxime methiodide (3F-4-PAM) is quaternization of the pyridine group in 3-F-4-

o Pvridinecarboxaldehvde oxime with methyl iodide. This was achieved using
‘;? excess methvl iodide in refluxing MeOH (eq. 3). ;
N _OH OH ‘
% e N (eq. 3) '
\;: F 10 mL MeoH | F 5
ig (;> + CH3I reflux <§> K
» N 18 hrs ® ;0 ‘

1,40 g 7.00 g CH' 1

(10.0 mMoles) (¥ mloles) 3 .

~, . 3-F-4-PAM, isomer A 2.20 g, m.p. 130°(decomp)
- isomer A (7.80 mMoles) 78% yield 1
ﬁ The reaction is not fast and requires about 18 hrs. The product 3-F-4-PAM K
't is designated as isomer A since it is reasonable to assume that during the

‘}: pvridine quatrnization the geometrical configuration of the oxime group is

fé preserved, as was found by Poziomek et al., (op. cit.). The 3-F-4-PAM is g
'E quite soluble in water and is crystallizable from ethanol. It develops clumps y
s of orange crystals which when pulverized give a rich yellow color.

if A proton NMR spectrum of this material is given in Fig. 7. There is

if some broadening of the resonances, and relative to the unquaternized precursor ‘
‘ié (Fig. 5) the pvridine ring protons are significantly shifted downfield due to f
- the deshielding effect of the positive charge. The resonance duc to the ‘
.$~ aldehydic proton is much less affected (at 5,45 ppm) and it no longer overlaps

,E with the doublet of H-6 (which has been shifted downficld) but now overlaps .
’gj with the triplet of H-7 which was previouslyv upfield. A new peak in the spectrum, A

ie. the strong singlet at 4.737 ppm, is due to the methvl group bonded to the

::. pyvridine nitrogen, This methvl group is sieniticantly downtield from the
.\_ internal standard due to the considerable deshielding etfect of the positivels

* 0
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%\ charged nitrogen. Included in this spectrum is the resonance due to the .
3; hydroxyl impurity in the D20 solvent plus some small pcaks due to residual .
) solvent of crystallization (EtOH). For purposes of gross comparison an NMR ,
%: spectrum of commercial 2-PAM (Sigma Chemical Co.) is included (Fig. 8) but J
i} will not be interpreted in this report. h
;: Samples of both 3-F-4-Pyridinecarboxaldehyde oxime and 3-F-4-PAM have f
N been sent (Feb. 18) to Schwarzkopf Microanalvtical Laboratory, Woodside, NY,

:j: tfor elemental microanalysis, but at the time of this report the analvses had ‘
?: not vet been performed. Results are reported in Addendum, p. 25. ;
:5 - Finallyv in this quarter we determined the pKa (in doubly-distilled :
degassed H,0 at 25 - 27°C) of 3-F-4-PAM isomer A and, for refercnce purposes,

N 2-PAM (Sigma Chemical Co.). For 3-F—4-PAM we found pk_ 8.18 ¢ .01 and for
s 2-PAM we found pKa 8.01 + .01. The determinations were made by titrating P
52 replicate sample sclutions of the PAM compound (0.50 mMole in 25 mL HZO) 4
v with standard 0.10 N NaOH and concurrently measuring the pH at various
':: points in the titration with our research pH meter. ‘
;: These pKa values occasion a brief annotation regarding the pKa values ﬁ
:Q reported previously in the literature for PAM compounds. Our original proposal :
("Construction of New Potentia. Reactivators of Phosphonylated Acetylcholines-
.f terase: Substitution of F for H in the Nucleus of Pyridinecarboxaldehyde )
;: Oximes'") adopted for purposes of argumentation the pKa values reported by b
?; Hagedorn, Stark and Lorenz.7 They list pKa 7.68 for 2-PAM and pKa 8.34 for
4-PAM, However these values are at variance with those originally reported by
iﬁ Ginsburg and Wilson,8 namely 8.0 for 2-PAM and 8.6 for 4-PAM. In view of the \
ii close agreement between our value for 2-PAM (8.01) and that of Ginsburg and
i Wilson (8.0), we wish to utilize th: pKa values generally reported by
Ginsburg and Wilson as points of reference in subsequent discussions. Taking i
their value of pKa 8.6 for 4-PAM as accurate, substitution of F for H in the 3
) 3-position of the pyridine nucleus of 4-PAM lowers the pKa from 8.6 to £.18, 3
1 ubout().ApKa units. Resultantly 3-F-4-PAM is in the optimal pKa range for .
reactivation of phosphonylated acetylcholinesterase. Concerning the concept
‘ﬂ of optimal pl\'a range see Hagedorn, Stark and Lorenz (op. cit.).
bf In this connection it is relevant tn note that the pKa of 3-F-4-PAM .
i essentially coincides with that of the known reactivator TMB-4, pKa 8.2 y
(refs. 9 and 10). The TMB-4 equals or surpasses the potency of 2-PAM as
-I a reactivator of poisoned acetylcholinesterase, and therefore it will be
' ﬁ of considerable theoretical and practical interest to determine the compar-
e

" ative effectivity ot the structurally simpler 3-F-4-PaM molecule.
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kL In Section IIl additional quantities of 3-F-4-PAM will be prepared
- from our supply of synthetic precursors, further attempts will be made to
: obtain and examine isomer B, and svnthetic reactions will be carried out

toward generating 3-F-Z-PAM, another new compound designated in this contract.

> e A48 s
AN A AL
L

ARSI 41

‘v"; L 5%

]

' ,
o by By B,
PP

«a
LA

Ean

.
\J'\'I'g,l‘_

‘:h\':"" LS




OF O TR T

14

N1

-

0,

e

—_—l

- II ....
T

—— ——

-

B
Epe N

r-

A

e e —— .____;.,

1

dea-f-e

cwebe e |

S
R i
Ve E.
N -

m_g |§
o
)l
. Q..
_:_oi
2 ' S

R mat N

P i

e ——p =

N
P Y
....w
o ol
R A
ot
N
[P B
i
ca |t
o

P

oty et fe S ]

O

14 12 10

18 16

20

Elution Time (min)

HPLC chromatogram of crude oximation product mixture (4 nMoles)

W i SN S

la

Fig.

"7

e A

£
0




15

! ~M danixrfuw 3dnpoad
D.m:!.; 3 )).\.. .,m- P COHUNEH&O 9pnad SO@TOWu 0Z UUU_...CH.I.V
LR PR RrE b FUEN RS R
ST R IS A “
: ONNNOUE SRR 8 54 SR Y D wr“ ] :
L S O . . '
IR SR NN ;_:___:
. D IR S e . i b
g SRR IR IR
. _._. m.._ .
@ meo fotemfaadad on o acea il i ned
3 IETIEEI 1) Rt WURT IOVEY i
& ' 0
L~ ;.;.T."._, L i
P N A e _
.m“* __ ' “ *u _
S L‘N.D,JD. | I . Iy
i i FE NN RN R H ]
0 e ~ 11
LR e e
[ N R P . o S Ca oy N_ _._.. ”,
.LC. by H:__ AU SRR T AD) _Lﬁ r._m L
1 ,_:;:q::,_ﬁ_d HiSHRRIRInRm
- [} . v . [} .
;,t,t_ L e e D e rﬁf;r
T e A L g
__ AR NEFRL RS Lol ;n_.E_f; S BIE!

* L, B A 8 8 &
¥y Sy oAy

A AAA

'~ Lot

-bl -\ II- 7 ‘\- [
S e h-.w

18 16 14 12 10

20

Elution Time (min)

HPLC chromatogram of crude oximation product mixture (20 nMoles)

Fig. 1b

1

N .
="
A nia

-t s e
Sl
N
EYNY Y

t

g

g

- e
E ~
CR A ]

PRGN

%

® .t . - h -
-~
. - -
ORI
ey W g

L
Yy

L

R

L
Py

e

._'-
"..l‘ -

- ..-- '-..'-l' "‘
g T N,

.
»

o ks
o

»o k-‘

EUAE T
W WS
RN W

e




he ‘2l 0ha *l N ]

16

e dUIX0 2pAYSIPTEX0qIed3UTPTILI-h-d~¢ SOTOWU Q7 392 (U] — ]o

o~
v
V]
—
Q
=
=
o
o~
N
-
o
o}
©
. x
|
. ._ . A bee a.
_ G ' c
! Voo m
1 + .
\pﬂ . = R - I
2 ! t p
© : . E
M“ ' ! K ®
_ _ . - o M
- | g .
IS ' ~ o
A Q = N o
WVooow o B S \
o g o
60 ¥ L c o0
~ , E 20 =
< . ) e ‘ I T v )
f : - [ [ I i (S
| /...t - —— Erdiuatl IR EE TR |1t.lv%..l.|f.r‘ ———besa [EPUENEDY NSRRI S § = -
| | NS A S %0
| o ° £
' n { C | o r
. 1— ' . f n 2 B <
4 - ] AR
_ \ _ s 18] - 9
' . 60 [
" “ . [ N O
e b - — .. e e " i &
! ! T N Q M
! i P I A B .
! : _ SHIEE L&
[ e | =l -9
_ . ' - ‘ USRN FU S O T . - £
| N I [ . v g
X . b . 1
! B _ . Nt
| . i ] oo [ ' 1 JA
SN SR R EYSUPPRMIN QP A ..!lnf'..vuvl.ll...il— [T S . By
. . . [ >N
AL s ...r.-.-.f J---\-\\\n- M..J-..i.d-.n-u\- SV .\.&-\-.n ‘o .--.-..-.--
S RGeSV LY RN ALY SNENYYE




[T T —— T Y —— T W T g——
; i
o * P
: ,.;_
» ...A
»
? 4
1 " 4
- N
~ .u-f
1 — N
¢ ’
o ]
1 5 A
] z -
F © ’ .‘..
b m B BT | - u R A.w.
> AR 3WIX0 2pAYapTex0qied-14d-p-4-¢ 3O UOTIBZI{[EISA1D woxy A - S
! R (] RN
m L\_...:.ﬁ BN U Teri1a3eu juejeuradns jo (xoadde) S?TOWu g1 398fuy -— 4 o m
.. o ]
[ N I A (el Sy s
9 . Lts cadf . _L }1.. t_erF s el RPN o o
1 R N [ _.4 c e o ...L
] S S R I ESS R AR SRR P B =
9 bt , ' _ w . v [ “ " ..
) ' .
o T o -4
1 ! P : “ 1
p A ; W “
/ 1L TFE- JALTe M o ! o, 04
_ ﬁ. —w o [ [Yn ¥
1 I ! : Vi = ~
] i o o . 5 = i
3 . . st —— =] m A ,-..
1. i1l | S s A Ay
< " L t o a . ' “
, P Lot i : E o
¢ Pt T = Y] ka .
; Hei t_ ” - oy
3 ! : ) i P
h . - . p *p N —— m e ,,..u
W o N ) v el O o ol —
". ! . g Q{NI_L It Ly M o 4
f . - [ Y . .
3 o O B . i e o E
9 ' ' ! : N o v
-_ ‘ ~ Pt v *_ w | ! 0 ; o0
! ’ .. " i “ i h . H | 0
4 . .,c“-_r_ N T L 388 Wt ]
ﬂ ) T b o | s 1
o ' ' [ ;— ." [ m
N , . T =
W ﬁuv. . . - i . —-3- - 4l L ._
3 X . . 1 ' | _ (5] >N
] _ ' 1) v . ) Ll -.L
" _5___:.;: | i g
1 H . ! L
3 U N .L.F i b o -
3 . P [ AR MR . C [ o -y
] -
4 R e
3 '
1 2.
4 o
] o
e l-
4 ..zu
“ o d
:
4
p
3
3
y
3
4 +
3
.
K
d
4 - ——_—— - - - —
1
Voo ol




W-.—vwv.,-vv e st Al oG Rad ade abe aid o AMSauh aaACARAFae Al Ll LEATIAME Sascia s Bae Ly hie gat Dav Beds ok Bak Ao b et fat At S Ad Sl Ad S0 A0 A A A4 BAAAR A0 A B0 Ate A% A5a aan

.

18

1
¢
<
4
4
L

iy - il

ol ¢— Inject 8 nMoles 4-Pyridinecarboxaldehyde oxime

22 20 18 16 14 12 10 8 6 4 2
Elution Time (min)

HPLC chromatogram of 4-Pyridinecarboxaldehyde oxime

Fig. 3a

Ll e e, .- - W . -

- - - * " . PR - ! ) " =

Lonat DS Ly - S C Yy
e Aal Aok ad il PO P v |




re— b

— i -

4
|
|

|
1

ﬁ

U
%
o
.we
& 4
[T
Y o
o
o o
LAl
=
ol
A O
!
& ©

3-F-4-Pyridinecarbox-

e

<

;._;
ol

e

_-'r—.
—_— -

———

[

aldehyde ox

1

H __...*.__.L'l

e e —

3WIX0 apAyap[exoqaedauypribd-4-4-¢ pue
3WIXO IPAYIPTEX0qIRIAUFPTILJ-y JO YOB3 SITOWU # JO 3inixjuw 328 (uf

!
e
K
_

i
+

_
I
!

10

16 14 12

20 18

22

Elution Time (min)
HPLC chromatogram of a mixture of 4-Pyridinecarboxaldehyde oxime

and 3-F-4-Pyridinecarboxaldehyde oxime

e




" N e - RAS ALl MMl AAS i ali ane aad il ol ARS sas-adbh ol add abh nh- b o o v-rr\r*‘a-"

O a» .
o
s 20
ety
ey
: ]
B
O
(LS
[
\ J}
":‘.‘l
Doy 28 ;
ot N, 140
: :.-_ 2 122 (M+)
L
B & 32 (ff - H0) <
\h-' s +
oy - - 02
. =
&S =
AR = .
ol B ., [
N N
\Ts ! '.z
| Z
‘." 14 —
] o
. a [
-
A o
> =
Lo
-(‘\:-". &N
§ ,&-‘, U [\
LYY - v
> .
<«
o o §
ST
S
AN - [\
L o Iy O ]
Lo <t
L W
o ~
i -
" N < A
" - ; -
W
.:-‘. —
SRS *® -
] z
Ly a @
hiline \ (8] (o]
’ ' wo
o J -~ Q
2, .
oo ~ | 141 +
» -
o Y gl | M+ D)
S o o) !
A \-{‘ f — - | /
N i Jww
Ol O~
b E E 149
! w=g e L l instrument impurity
owa M i . (plasticizer)
X J oo
oaw AR R I
=W gl l’.“l?
> I I L J |
;oo i K — .
RERIER) [ i i 1 1 1 [ i 1 T T '
[ o D] D} D] P} 2 [} ] [t} D] o [t} [ iz
~J "~ - SUoea S- i X D e g Y
ST - T i VL TR VY
‘ s
C
-{’ ‘ m/e
<o
¢ :} Mass spectrum of 3~Fluoro—lo-Pyridinecarboxaldehyde oxime
o Fig. 4
Y ig
b -.:‘J i
oo
W 00
.,'
et
s
1.‘ "
8,
K o “I\-J":'J' LI N AN EC O DR Yy " AR

A e M AN, SRR T O s S SRRV AR
N s My i A A e e T P I

»
',
" o

[




21

131Ys
Teotwayd

VEN W Q) Nk

uspIeA wdd

0
}

QWIXO0 wv%:wvﬂmxonumom:ﬂvﬁu%mnclouo:auum JOo wnx3ydads yYWN uoloiy

13
]

¢ 314

JU2ATOS IPFXO0 WN}Ia3IN3p uj

Vi S 9 L
l L 1

1

1

4
L
il

11

-

|
S BN | T T | T A | T T

—(eve) sé0 (T4 INN JONIWIAIY
T T er {SA) 3105 WIILHIA
ZH "6 (23) LHVHI 40 ON3
2 Do f (M) LUVHD 40 H1QIM
N:!& T(d3) 100 40 ON3
2y ~(dM) 107d 30 HIOM
: .8.1!0!]39 INIWIONVHNI ‘SN3S
‘ >_:t.a

(W) 360N NOLLISINDOV
(8N) HLQIMANYE 3SION
"(0Q) 135430 ¥31dN0J3Q
T T (M) 300 ¥31dN0J3Q

ZHY

Z(94) NIVD ¥3IAI10
01313 MOT"5 01313 HOH
T (0L) 135440 ¥ILLINSNVYL

|..|uwxoull.€e SiNIOd viva

a T o (ad) AV13a 3Snd
P 8-. Th {Md) HIOM 3SINd
‘08 < (1) 3MIL NOLLISINODY
T A& (1N) SINIISNVYHL 40 ON

4 (MS) HLOM TVH1D3dS
NOLLISINDOY

ww [] 1YISNI

v dNIL $4 %77 3LVH NidS
T T o%q T IWNOIS %001
dxtmhz\am %301

WNHIIXIO

( .\l..\
(~= 550)

N
’

44Q

Y Ak ]

otq =

»o

/ (49} TidNvS
NN W4

T BN AN
T ONLLAZS MAZISIHINAS

T AN 4 TN, SATIONN

T -o-¢c

o—G -

00°0
$9°L
ZLL
oe°*L
Ve 'y
Le*s
ov*d
ev*6
[

[VIVIVEN

| | f
|

soy37anduy TAx01pAy i
JuaAfos

x
2
x

-_~
A

A\
v
/
x

-
.
<
L
o
VI MOASTOMO

NN = (Yo o=
-—_emYenoero—-

e
n

:n_um
0001 v

{ _ _
000z ,

o
009
05t m |
vont
000f

|
| ﬁ *
_ _ |
PO
uojoad djpAyapie
wdd oy-g

R
o |
(i
OO

MGART A

i AN A

T 1 T [ U

LI S S

:\{d. UV pwry - VOLVNIGO

9 - 0N MANLIIE VOS-L4

RN A
Iv.

~\.\n--\

-

» Tr e

e -y




22

T UeieA
wdd

Teeo) T (W) INIT IONIHISTY
T @@ (SA) 3I¥0S WOILHIA
Y o (23) LYVHI 40 ON2
ZHTTTTOOTT(OM) LUVHD 30 HIGIM
TN a3 =""(43) 101d 40 ON3
IH oL T (dM) 101d 40 HIGIM
2085135} AININIINVHNI 'SN3S

AVISIG

(WY} 300N NOLLISINDOY
“T(EN) HLQIMONYE 3SION
(00} 135340 ¥IdNOI3C
(NQ) 300W ¥31dN0J30

IHY

T X {9d) NIVD ¥3AIO
034 MOTTTTTT, T AN3ES HOH
947(04) 135440 YILLINSNVYL

=] (d0) SINIOJ Yiva
s © (Qd) Av130 3510d
uln;l«llﬂl.lf.’us H10IM 35Nd
i (1v) 3wt NOILISINDDVY
q (IN) SINJISNVHL 3O ON
H Ocot  (MS) KIGIM TWH1I3dS

W IYISNI

0, TTee dNIL s g 34VY NIdS
BTG IYNIIS %01
.zzxﬁz\_m_ %201

WNYILGO

A Ated

\dlh..“ v Fadede ol s

(Ps 130)
n
7/

Q

neTH

0o%g -

no-

Qw TUNVS
Invn T4
T INYN ANBWIIdXE
“ONILLIS NIZISIHINAS
|:\t\c AONINOIYS T SATIONN

A2Uva iyl LT NOLVEIMO
T o 0N WANLO3S  VOR-Ld

33TYs
TeoTWay>

0

9 *314

JUSATOS 3PIXO0 WNJIIINIP ujf
dWIXO0 IPAYIP[EXOQIRIIUIPIIAd~H JO WNII0adS YWN UO3014

6 01

d

R

VNNV INMNO D
NN NO Q-

satajanduyl TAX0apAy

~ONNGOOTDORO (N =

JuaAlos

oor
:QG
3._....
.:wa..
OQ_QN

1
'
'

)

uojoxd ofpAyapie

|
|

udd ¢z°g

{

ﬁ
_
|
|
|

Ot

09
!
[LLE¥4

My

DO

1
o
"y,
el

_.:_;._5.:

T ‘H 1 H T

<




TN I W wgw

L 314

JUIATOS IPIX0 WNTIajnap uf WVd-%-d-€ Jo unijoads YN uo3loid

Vi
|

T l

ul

o

o~
I3TYs
uspeA udd
|
I

%
| 1 |
L4 11 FH%AL 1 I 4 1 4 [, 1 4 1 4

9
L
L

m%&)l:s INM IONIYIIY
57T (SA) 3IVIS WOILHIA
HTTTTE T (93) LuvHO 40 ONI
T 355 (DM LEVHD 40 H10IM
Y rY ~(d3) 107d 30 AN3
TSI (dM) 101d 40 HIQIM
98— 13S) LNIWIONVYHNI 'SN3S
AVdSIa

HY (8N) HLQIMONVE 3SION
100} 1353140 ¥314N0O30
"(NGQ) 3GON ¥31dNOJ3Q

- 7 T (9Y) NivD H3A1303Y
W34 MOTTTT_ATTGT131d HOH
‘% (0L) 135440 YILLINSNVYL

— Ovo%  (dQ) SINIOd viva
0% "o T T(0d) AV13a 35nd
Kestill 327 (Md) H1QIM 3STNd
208 T g (V) INLL NOLLISINDOY
T 77" "e7 TTLN) SIN3IISNVHL 40 'ON
IHT Tesa7s (MS) HLOIM TVHLI3dS

NOLLISINOOY

IT¥edNiL SAITETILVY NIJS

ssd

b
JuaATOS TENPISal j
HO3d
JuaaTos Tenpysal . .

uojoad >1pAyaple

@

wdd gu-°g

M TYNOIS ¥O01
o%g | | o1 Qw
i |
ﬁ ®
. h #
SN @
! i ' € /s
.& L)
PRI - : w H
; W¥d-h-3-E JuaAjos H—24
) uy N
1% Ll A’l%uau:aEa tO\
L, b\\\\l\.\\\ 14x01pdy ,
o7 ol 061 ™ wdd g% Ny 0
n e I RIS o .
® bad O : I
09 : J 0 0 on. Y o 1
|
to\1t o ._. P o RITER] ol 5.“”
[N UURURDIN SUIT P NI £ o YA wrd |y
(v wveiz) Wwvo-as TUANVS " <M< m e
VIRALVA " e £ HOLYNIHO LIRS UL AN (NN NN SN SN A LA NN BN (DS L S LN (S S A AN LA SN LA A
Iy 9 y*)w
T =g ON MNYLI34S 02-14D .
Hi T
E, ‘.v”...“‘ ’ K ..,H«.anﬂ.nmﬁ'a. ~.......n ‘...J............,.s...n.x. L SRR ALTTLIS .,. .. \............\..\.W..... L e . hy .\ I A

.
.

1
u
Y
...KA
Ry
uM

4

.
-
.

&
oy

TR
aada e lasa s oy

s

e .\': .\ oo .
W RGPS O TR R

Ve .

. q..‘ L
- . 7 -. i.'
ORI YN

sl

LR NSy

.t et
LR

L

-

e e
S A

REGELER

.-
LT
.
.
-

" ‘.‘ ..l
RN

.t
T

e \\;‘."
'L

o

W

A

N Y. Y




|

4
r
[
L
»
L
g
w S g8 "d1d
w 131ys JUSATOS 3PTX0 WNFIainap uf WVd-g 3O wnildads YyWN uoloid
V8N w olimes 1edjwayo
uspeA wdd 0 z ¢ . ] m m

[sse) TO9 (W) INCT IONTHIIIY

1
) 1 1 ]
aq . + .0 . 1 44 1 . 1T, 1 ;. 1 ;. N 1 |
— oes T (SA) 3WIS WILLHIA “ | '

T o TTTT(D3) LUVHD 40 ON3 ,
I ol TIOM) LHVHD JO HIGIM i _
e (d3) 10d 40 ON3
M 32 (M 10Td JO HIQIM
‘208" "13S) INJINIONVHNI 'SN3S

AYdSIO
THY T T (BN) HLOWMANYE 3SION

(0Q) 135440 ¥3WdN0IIQ
- (NQ) 300M ¥31dN0J3Q

T ¥ (M) NIvD ¥3IAIIOIY
TTTTTTAN34 MOTTTT AT Q1314 HOIH

_
‘ P
“T"s4 (0L 135430 HILLINSNVEL m A A
©069™"(d0) SINIOd V1¥Q R P o f . g
¥ """ (Qd) AV130 35TNd ! | W. ‘ 8
ST 54 """ (Md) H1GIM ISTNd , | s
208 "¢~ (1) INIL NOILISINOOV _ ‘ : A
o7 1LN) SINJISNVHL 40 'ON : _ , | | R
TN 0067  (MS) HIOIM TVH103dS i , , , | e
NOLLISINOOV C ; _ W _ \ | [ i ‘g
JTVSEdNIL  sUTITILY NidS , “ i ! , | | R
o'q TYNDIS ¥O01 i ! | K
N | | A
| 1 e
_, i : t W7
i ) | i H *._U @H Vi
. ! ) \ -.x-un
7 P 550 : :o/i“u y 2@ H "
e
L oa ur Y .A.U“ PR
(owbig) woney prowween <1 KL3vanduy H o
f whe~T ., , 14&x014y H o N
) . v a._ AL
€y v ' 051 o udd 0Ly X7 i S
- o, ol ' ! ' S
0% =~ ?t-. m 4 Ge: oy 0o o “ A5
¢ C " :._;. :._._,. "o/ " 1 o
et 3 ', naet vy oo T .h
4 "oy, it « <
TUbr) wha-g oo TWNVS | 0 onon e : t. v Y
4 s, 4-T €H—< Y
e r . . r ¢ . ( ~ ;. r ;- ¢t ‘.t - ;. J v r ; r. v [ ‘ J - i Sy
w4/a/r AAVA 7 330354 £ WOLVYIHO ¢x“
T g <k "ON WALLIIMS 0Z-140 g o
L
LI ] ' '
'y *e ‘2 "y « .‘..‘........w. N WA o g T Ja g8 S bR g 2 e PNy RIS - & . oy PP P ayeye t. A
PV SR A, > .....1.. s S VY BN A T | N ... N ... ,,..a..............x o € Vo ..\




. 25
ADDENDLEY
. ,. ELEMENTAL ANALYSIS REPORT (SCHWARZKOPF MICROANALYTICAL LABORATORY, WOODSIDE, Ny 11377):
3 3-F-L-PYRIDINECARBOXALDEHYDE OXIME 3-F Li-PYR I DINECARBOXALDEHVDE OX M-
.\-:t: oH o# METHIODIDE
.3“ He, 2N~ "‘c’"l

. PG P Gl
S Q) wop W 282,06

‘.::\. IG Ie

:::C CH;

" THEORY  FOUND THEORY EOUND

o #C 51.47  51.54 pAu 29.81 29.90

\ #H 3.59 3.59 pA 2.8 3.10

o N 20.00 20.28 M 9.93 9,45

e F o 13.5% 1350 T 6.74 7.03

o A 44,99 L4,71
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Section III
Third Quarter: March 1 - May 51, 1982

Chemical synthesis during this quarter concerned (1) work on two

o additional batches of precursors of 3-F-4-PAM, whose svnthesis and molecular
structure data were detailed in the previous report, and (2) the initial

- svnthesis steps towards 3-F-2-PAM and 4-F-3-PAM,

< For 3-F-2-PAM we started with 6-Amino-2-Picoline (Aldrich) and

l:y : nitrated this compound following the method of Parker & Shive]1 modified

2
bv Baumgarten & Chien-Fan Su.l"

" HN N CH, H,N N CHy H)h N CH,
N 6-Amino-2-Picoline A B
”=

250
50 g (steam - volatile)

By Of the two main nitration products, only isomer A is wanted, In the
- Titerature (refs. cited above), A is separated from B by steam distillation,

Since Bors srtear-valatile but A 1 not,  However, even in relatively small

found this steam di=tillation tao be =o inefticient as to be

batohes we
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impracticable using our homemade, Bunsen-burner-powered steam generator.
Therefore we are placing an order for a portable electric steam
generator of suitable capacity to achieve this necessary distillation
as well as others in our synthesis work.

Once isomer A is purified in sufficient quantities, it will be
converted, by way of several additional steps, to 3-Fluoro-2-Picoline
which should be directly transformable to 3-F-2-Pyridinecarboxaldehyde
oxime by the Markovac-Stevens-Ash-Hackley reaction.

Additionally we have carried out the initial step toward to

synthesis of 4-F-3-PAM, alsoc a nitration:

NO
CH HNO CH

stOA

o 20

3-Picoline-N-oxide 4-Nitro-3-Picoline-N-oxide

100 g (Aldrich) m.p. 135-138°C, 57 g (40.2% yield)

we utilized the procedure of Herz & Tsai,13 and the desired 4-Nitro
isomer is isolated by crystallization. At the time of this report we
are preparing to reduce the 4-Nitro-3-Picoline-N-Oxide using the Parr
hvdrogenation apparatus. The reduction product, 4-Amino-3-Picoline,
can in turn be converted to 4-Fluoro-3-Picoline using the Schiemann

/,

. 14 . . . s
reaction, Ultimate conversion to 4-Fluoro-3-Pyridinecarboxaldehyde

oxime will have to be bv a pathwav other than the Markovac-Stevens-Ash-

Hacklev reaction, since the latter applies only to methvl groups in the
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) 2- or the 4- position of the pyridine ring, not the 3- position.
A}S Therefore, we plan to use the method cited by Ginsburg & Wilson8
:E: for their preparation of 3-Pyridinecarboxaldehyde and its oxime,
‘?}: namely that of Panizzon.15 QOur assumption is that during the
. requisite synthetic steps the 4-Fluoro group will remain intact.
:;j Concerning physical measurements, we have repeated our pKa deter-
ﬁf: minations for 3-F-4-PAM and 2-PAM and extended these measurements
_$;: to 4-PAM. In the previous quarter we obtained pK_ 8.18 for
3-F-4-PAM and pKa 8.01 for 2-PAM. In this quarter we have obtained
;EE pKa 8.12 for 3-F-4-PAM and pKa 8.00 for 2-PAM, The respective values
,:i: for 3-F-4-PAM and 2-PAM obtained during the two separate quarters
::E: agree well. These values were discussed with regard to prior
‘ literature values and with regard to mechanism implications in
.?é? Section II. The value obtained for 4-PAM, namely pKa 8.50, is 0.10
EE& pKa unit below that reported by both Ginsburg & WIlson8 and Poziomak,
i‘j Kramer, Mosher, and Michel,5 but 0.16 pKa units above that reported
by Hagedorn, Stark and Lorenz.7 In any event the pKa of 4-PAM lies
E:j outside of the "pKa optimum range" for effective reactivation,
N which, based on a value of 8.0 for 2-PAM, is 7.8 to 8.3.
J;: In Section II, Second Quarter, we did not include the elemental
1 microanalvsis results for 3-F-4-Pyridinecarboxaldehyde oxime and
.:f 3-F-4-PAM since, although samples had been submitted to Schwarzkopf
f:f Microanalytical Laboratory, the analyses had not yet been performed.
:i The results were subsequently obtained, judged satisfactory, and
are included on a separate shee: labeled as an addendum in this
E&; report (page 32). Concerning the molecular geometry of the oxime
':Ef groups In these compounds, samples have been submitted for X-rav
;i? crvstal structure analysis but the results are not vet obtainable.
o Wwith regard to empirical and mechanistic studies, in
{j? addit:on t stercochemical structure and pKa values it is desirable
tif ta a=certain the NMR chemical shifts of the aldehvdic protons of
,:i: the varions PAM compounds.  In Section Il we specified a chemical
U4
%
&
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shift of 8.45 ppm (from DSS internal standard in DOO solvent) for X
the aldehvdic proton of 3-F-4-PAM. 1In the currentbquarter we have
obtained the analogous chemical shift values for 2-PAM and 4-PAM: )
5.69 ppm for 2-PAM and 8.37 ppm for 4-PAM. (See Figs. 9 and 10 1
for the pertinent NMR spectra.) These chemical shift values
reflect relative deshielding and correlate with the relative
acidities of the oximes, Compared with 4-PAM (aldehydic proton
at 8.37 ppm) it is seen that the aldehydic proton of 3-F-4-PAM
(8.45 ppm) is more deshielded, as expected from the electron-
withdrawing effect of the F- atom, The aldehydic proton of 2-PAM :
is still more deshielded (8.069 ppm) owing to its closer position
in the bonding framework to the positive nitrogen of the pyridine
ring. For purposes of systematic study it would be desirable to
additionally determine the chemical shift f-r TMB-4.

Further NMR studies carried out during this quarter comprised
a brief investigation into the comparative H-bonding behavior of
the dissociable (oxime) protons of 3-F-4-Pyridinecarboxaldehyde
oxime, 4-Pyridinecarboxaldehyde oxime, and 2-Pyridinecarboxaldehyde
oxime (hereafter referred to as 3-F-4-oxime, 4-oxime, and 2-oxime
respectively). We found that these compounds (as opposed to their
more polar quaternized (PAM) derivatives) are sufficiently soluble
in nonpolar NMR solvent (CDC13) to obtain good NMR spectra therein
and that these spectra show a well-defined peak corresponding to
the oxime proton as well as one corresponding to the aldehydic g
proton. (Note that in D20 solvent, as expected and previously 3
reported, the oxime proton is washed out by deuterium exchange
but the aldehydic proton is not.) We examined 0.04 Molar and
.02 Molar solutions of each of the oximesinCDCl3 solvent to .
determine whether there is a dilution effect. We do not wish in
this Section to interpret in detail the spectra obtained (sec

Figs. 11 through 16), but we do wish to note our main conclusions,

The results indicate that the dissociable proton of the Z-oxime
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(Figs. 15 and 16, at 8.29 ppm from TMS) is not H-bonded since it is

both relatively highly shielded and insensitive to dilution,
whereas the corresponding proton of the 4-oxime is flagrantly
H-bonded since it is both highly deshielded (9.56 ppm at 0.04 M)
and highly sensitive to dilution (see Figs. 13 and 14). The
analogous proton of 3-F-4-oxime (Figs. 11 and 12) also is clearly
H-bonded, but apparently is a less advanced case. All of the
H-bonding in this study is of the intermolecular type and dilution
does not disrupt but apparently only causes the H distance to
contract towards the oxime oxygen, causing greater shielding and
thus an upfield shift of the intact peak. The fact that the

proton of the 2-oxime is unaffected by dilution could be inter-
preted as due to intramolecular H-bonding but its relatively

high field position (compared to that of the 4-oxime and 3-F-oxime)
implies the contrary, that it is not H-bonded at all. One expla-
nation for an absence of H-bonding in this compound could be

lack of accessibility of the pyridine nitrogen as an H-acceptor

due to steric crowding rrom the 2- substituent. Another explanation
is that the 2-oxime is simply less acidic than the other compounds,
and its H insufficiently prototopic to bridge to an acceptor.

In the case of 3-F-4-oxime, intramolecular H- bridging from the
oxime oxygen to the F-atom is clearly not possible if the oxime has
the syn-geometry.

A final observation in these spectra is that in comparing
the aldehydic protons of these oximes, the chemical shift of that
of the 3-F-4-oxime (%.35 ppm, Fig.s 11 and 12, unaffected vy
dilution) is greater than that of *ne 4-oxime (8.10 ppm, Figs. 13
and 14) as expected from the F-atom electron-withdrawing effect.
However, the chemical shift of the 2-oxime aldehydic proton
{(7.77 ppm, Figs. 15 and 16) is strikingly less than that of these
other compounds. This is consistent with the acidity of the
2-oxime being substantially less, perhaps sufficiently so to stop

the oxime proton from engaging in H- bridging. Upon quaternization
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to form 2-PAM it is evident that the acid:ty of this same oxime
A group surpasses the others owing to its adjacency to the positively

charged nitrogen atom of the pyvridine ring.
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EEMERTAL ANALYSIS REPORT (SCHWARZKOPF MICROANALYTICAL LARORATORY, WOODSIDE, Ny 11377):

S-7-L-ovR[DINECARBOXALDEHYDE OXIME

.oH

3-F~4-pYR | DINECARBOXALDEHYDE OXIME-

METHICDIDE

H
.0
N

H ~c % N W o
(\( P CighOF Foo CHghOFI
& wn Y o MR
o =

CHj

- THEORY  FOUND THEORY FOUND
- A 51.43  51.54 A8 29.81 28.90
;?} 7H 3,58 3.59 7h 2.86 3.10
N N 20,00 20.28 A 9.93 9.45
. 7 13,56 13.50 A 6./4 7.03
%l 44.99 44.71
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Section IV

Fourth Quarter: June | - August 31, 1982

During this quarter chemical svnthesis experiments were continued,
spectroscopic studies of PAM compounds were extended, and chemical
reactivity tests were initiated.

In Section 111, Third Quarter, the first svnthetic step towards
3-F-2-PAM and the first synthetic step towards 4-F-3-PAM were each carried
out. Regarding 3-F-2-PAM, as explained previouslv, the second step could
not be embarked on until we obtained a steam generator of suitable capacity
requisite to steam-distill nitration product isomers A and B. We ordered
an appropriate steam generator from VWR Scientific, Inc., but due to a
delav bv the manufacturer the unit has not vet been received, and therefore
during this quarter no further work towards 3-F-2-PAM was carried out.

For 4-F-3-PAM, its second svnthetic step, reduction of 4-Nitro-3-
Picoline-N-oxide to 4-Amino-3-Picoline, was achieved in the present

quarter by catalytic hyvdrogenation in the Parr aparatus:

N02 o NH2 -
<:) 3 H2 (45 psi ) N 3 (eq. 1)
: tAy TRItO), HoAe 7 O + 3H,0
N N
¢
0 4-Amino-3-Picoline

11,0 g. 3.3 g., 487 yield
m.p. 106-109°C
The next svnthetic step is conversion of 4-Amino-3-Picoline to

4-Fluoro-3-Picoline by wav of the Schiemann reaction:

e
BF
® 4
NH NEN F
~ CH. CH3 CH3
3 Diazotization warm
O — O — O + N, 4+ BF.
< aq. HBF,, cold X decomp, N 2 3
Diazonium 4-F-3-Picoline

o) ()
Borofluoride (eq. 2)

Salt

< AL AT g ’
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We initiallv envisaged product 4-F-3-Picoline based on a citation in the
literature of the previous synthesis of that F—Picoline.14 However, these
authors do not give fundamental data for this compound. Using NaNO2 as
the diazotization agent, the diazonium borofluoride salt (see eq. 2 above)
did not precipitate and as a result it was not isolated and dried. Instead
Rowbotham and Schaefer carried out the decomposition step in situ by
warming the initial diazotization solution (aqueous). Upon work-up the
authors obtained a "poor'" yield (unquantified, presumably less than 107)
of the purported 4-F-3-Picoline. Such a poor yield is understandable
because the presence of water, even in the form of moisture, Juring decom-
position lowers the yield considerably. It is authoritatively known that
diazonium borofluoride salts must be thoroughly dried before decomposition
(see Ref, 16).

In an effort to improve this step to an acceptable yield we carried
out the diazotization using EtONO as the diazotization agent. At 0 - 5°C
no precipitation occurred, but on chilling the mixture to -70°C substantial
white precipitate developed. This material was isolated, dried, and subjected
to decomposition (warming) conditions under hydrocarbon (n-hexane), whereupon
evidence of N2 evolution was observed (generation of bubbles well below the
bp of n-hexane). However, final work-up gave only 17 of the theoretical

weight of a material which has not yet been rigorously identified. Tt

) 7. : . .
should be noted that Roe and Hawkms1 in their systematic studies on the

Schiemann reaction were unsuccessful in their attempts to find a procedure
to reliably isolate 4-Pyridine diazonium borofluoride, nor were they ever
able to isolate 4-F-Pyridine (see Roe and Hawkins, op. cit.). Additionally
in their systematic studies, which included F-Picolines, they never reported
4~F-3-Picoline. On the unsubstituted pyridine ring it is known that F in
the 4- position is unstable (Roe and Hawkins, op. cit.), and our results
confirm this for 4-F in methyl-substituted pyridines. Unless in our
laboratorv a method is developed to obtain 4-F-3-Picoline, synthesis of
4-F-3-PAM in pragmatically useful amounts will not be practical. We are
investigating into this situation further.

Additional synthesis work in this quarter comprised derivatization of
3-F-4-PAM and 4-PAM as their respective benzoates. This was achieved by
first benzovlating the unquaternized oximes and then quaternizing the
benzoates, as shown in eq. 3 below, starting with 3-F-4-Pyridinecarboxaldehyvde

oxime.,
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$E OH
!
~ N H Cl 0

K ¢’ e’ ® ©

. F Et N PN + Et,NH Cl
V 3 o ©
., <:> + g I ppt.
. A\ EtzO solvent N

:. c” 3-F-4-oxime benzoate
N 3-F-4-Pyridine- benzoyl [zéirF 657 yield
- . carbox§ldehyde chloride v m.p. 113-116°C
b oxime
(o 07Cr0

" Ny H CH,I (eq. 3)

F <€ 2

v 3-F-4-PAM-benzoate (:) Acetone solvent
| ::. m.p. 156-158°C E\’(_D o 81% yield
f?j (decomp) Chy quaternization
t The resultant 3-F-4-PAM-benzoate is easily recrystallized from HZO’ and its

: identity was verified by satisfactory elemental analysis (sample analyzed

i by Schwarzkopf Microanalytical Laboratory, see Addendum in this section,

i: p. 48, for data).

- The analogous 4-PAM-benzoate (mp 154 - 156°C) was synthesized for pur-
;g poses of comparison. This benzoate is cited by Hagedorn, Stark ad Lorenz

%: (Agnew. Chem. Internat. Ed. 11, 307-9 [1972]) but without any support data.
i;z Therefore we obtained a proton NMR spectrum for this compound as well as

- for 3-F-4-PAM-benzoate (see Figs. 17 and 18). Based on comparisons with the
.Q: NMR spectra of the corresponding unbenzoylated PAM compounds (see previous
’éﬁ Sections), we assign the resonance peak at 9.16 ppm in the spectrum of

:E 3-F-4-PAM-benzoate to the aldehydic proton (see Fig. 17), and the resonance

) peak at 9,01 ppm in the spectrum of 4-PAM-benzoate to its aldehydic proton
E{ (see Fig. 18)., It is observed that benzoylation has the effect of signif-
ji: icantly shifting the aldehydic protons downfield, ie. benzoylation of
1;5 3-F-4-PAM shifts the proton from 3.45 ppm to 9.16 ppm, and benzovlation of

X 4-PAM shifts the proton from 8.37 ppm to 9.01 ppm. Additionallv, as in the
i:: unbenzovlated compounds, the aldehydic proton of the F-compound continucs to
:3 resonate downfield from the non-F-compound, ie. the F atom continues to

;2 deshield the aldehydic proton.

- Structural studies relating to 3-F-4-PAM were strongly augmented in

?a' this quarter by X-rav crystal analysis of 3-F-4-Pyridinecarboxaldehvde oxime,
;' the unquaternized parent compound of 3-F-4-PAM. This analyvsis was done in
3

.' .--J"-Fu-l'
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- collaboration with Dr. Jenny P. Glusker and her group at the Institute for
}5: Cancer Research, Philadelphia. The geometry of the oxime is syn, which is

the geometry commonly found to prevail in the pvridinecarboxaldehyde oximes.

{;z Furthermore the aldehvdic H atom is located on the same side of the molecule
i:‘ as the F atom on the pyridine ring.
- OH
N
.i C’ !
';:’;2 i (eq. &)

o &

, The torsional angle between the planar oxime group and the planar pyridine ring :
iﬁ is near 09, ie. the two groups are essentially co-planar. A diagram which )
x;: depicts the molecules in the crvstal lattice is included in this report (Fig. 19).

i:: As desirable preliminary data for chemical reactivity studies and because

- such knowledge mav be useful in other regards, we obtained the UV absorption

;f spectra of 3-F-4-PAM, 4-PAM, and 2-PAM. Using our Perkin-Elmer 552 UV-Vis

?fj spectrophotometer attached to a Perkin-Elmer/Hitachi 057 X-Y recorder, the

- spectra were obtained from 0.04 mMolar solutions of the PAM compounds in 20 mM
sodium phosphate buffer, pH 7.40, contained in 1.0 cm pathlength cuvettes.

Qt: The absorption of the three compounds, displayed simultaneously for comparison,

"ﬁ are given in Fig.20. Each compound shows 4 absorption bands, and these are ]

™ analogous from compound to compound. We refer to these as Bands 1, 2, 3, and k

n 4, which are numbered progressively with decreasing wavelength (see Fig. 20).

{i For 3-F-4-PAM the ™ max and molar extinction coefficient (€) for each band are

;EQ as follows: Band 1 (348nm, € 3,750), Band 2 (286nm, € 11,900), Band 3 (226nm, ‘

-0 € 15,200) and Band 4 (199nm, € 16,500). The W_max values for the other ”
compounds are indicated in Fig.20 and their € values are of the same orders

33 of magnitude as those listed above for 3-F-4-PAM. Such complete spectra of

ﬁEE 2-PAM and 4-PAM have not been reported by Hagedorn's laboratorv, and our

j: studv may comprise the first comparative study.
= We assiun Band | to what Hagedorn, Gundel and SchoencIR refer to as the
.:3 "Betaine" chromophore, ie. the conjugate base from which the acidic proton has '
i:. dissociated. This is pictured below for 3-F-4-PAM, including resonance X
;x stabilization:

. |
1L

B (eq. 5)

.: -

:i. §
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jﬁ: We assign Band 2 to undissociated pvridinium oxime (ie. with the proton
)ﬁ: still bonded to the oxime oxvgen atom) and we assign Bands 3 and 4 to the
© aromatic pyvridinium chromophore. These latter two bands are not dependent
';f' on the presence of the oxime group, although their exact absorption maxima
iﬁ' (wavelength and € ) are subject to perturbations by oxime or other ring
:i: substituents.
| In comparing the spectra of the three PAM compounds in Fig. 20 it is
;ﬁ: : noteworthy that with respect to Bands 1 and 2 3-F-4-PAM resembles 2-PAM more
ﬁ% closelyv than 4-PAM, Similar populations of dissociated and undissociated
ii species for 3-F-4-PAM and 2-PAM are expected on the basis of their pKa values,
. whereas the corresponding population of dissociated 4-PAM is considerably
';t smaller owing to a higher pKa. Therefore the intensitv of Band 1 for 4-PAM )
;? is markedly less than for 3-F-4-PAM and 2-PAM, whereas the intensityv of J
{ﬂ Band 2 for 4-PAM is correspondingly greater than for these other compounds.
. By contrast, with respect to Bands 3 and 4, 3-F-4-PAM and 4-PAM show
;;; almost superimposable behavior. F-substitution has little effect on the
‘;ij aromatic pyvridinium chromophore. The corresponding bands for 2-PAM are also
i:i quite similar, except for hyvperchromicity in Band 3. Evidently Band 3 is
sensitive to position of ring substitution.
_S Chemical reactivity studies initiated during this quarter fall in the
A%:t two categories proposed for PAM compounds bv Hagedorn and co-workers (Hagedorn, R
‘il Gundel and Schoene (Ref. 18) and Hagedorn, Stark and Lorenz (Ref. 7). These ‘
are relatively simple, nonenzymatic model reactions which can be carried out
;i: in UV cuvettes and are purported to be useful in pre-testing the potential of )
;j. new compounds as reactivators of poisoned acetylcholinesterase. The first of :
25: these model reactions is the reaction of PAM compounds with triethyl phosphate,
‘ i, Exact experimental details for this test have not been published in the avail-
fﬁj able literature by Hagedorn et al., except that it is carried out in an aqueous
el buffer sclution at pH 7.4 - 7.% with an "excess" of triethvl phosphate, and
:i: followed in the UV by decav of what we refer to as Band 1 and 2 absorption.
" For TMBE-4 the reaction is said to occur "in the course of several hours”
ii- (Hagedorn, Gundel and Schoene, op. cit.). X
;?f For our experiments with 2-PAM, 4-PAM, and 3-F-4-PAM, we emploved |
;QE tod mMolar solutions of the PAM compounds in 20 mMolar sodium phosphate buffer
- at pH 7.40, Such solutions are suitable for observation of the UV spectra
if using common quartz cuvettes (1.0 cm pathlength)., FPreliminary experiments
i? showed that 10-fold and 100-fold excesses of tricthvl phosphate (pH held
.:,‘ ]

-
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constant at 7.40) had no effect on the UV spectra over periods of hours. At
the cut-otf of experimental work for this quarter we determined that even with
a lo00-fold excess of triethyv] phosphate there is little or no reaction with
2-PAM, 4-PAM, or 3-F-4-PAM even after 18 hours. Repetitive UV spectral

scans for each of the PAM compounds exposed to 1000-fold triethy]l phosphate
are shown in Figs. 21, 22, and 23. In no case is there anv substantive decav
in Band 1 and 2 absorption. Therefore we conclude that Hagedorn's reactivity
test ror PAM compounds with triethvl phosphate does not work. In the Annual
and Final Report, November 1983, First Quarter, we intend to investigate this
purported reaction further, because if modifving conditions (eg. higher pH,
metal ion catalvsis) can be found to accelerate the reaction, it mav still be
a simple and useful test for reactivator potential.

[he second model reaction proposed by Hagedorn and co-workers is the
Heokmann decompostion reactivity test on PAM-benzoates (Hagedorn, Stark and
Corens, Rety 7). No experimental details have been published by these workers
ex et that it is carried out in "aqueous solution at pH ®.1" and "determined
'V ospectroscopy (Fpax = 280nm)."  We have measured the UV spectra of
j=F-4-FAM-henzoate and 4-PAM-benzoate in slightlv acidic (pH 5.9) doublv-
distifled HO in which the compounds are relatively stable (see Fig. 24).
Th“-}_mdx V;Iuc for 3-F-4-PAM-benzoate is 270nm and that for 4-PAM-benzoate is
267nm. We followed the decompositions at these respective wavelengths (see
Figs. 25 and 26) since thev are relatively close to that used by Hagedorn

et al. (280nm). At a pH buffered at 8.05 we found a half-life of 12 minutes

for the UV absorption decav of 3-F-4-PAM-benzoate and a half-life of 60 minutes

for that of 4--PAM-benzoate. This latter half-life for 4-PAM-benzoate (60 min-
utes) 1s considerably shorter than that reported for the same compound by
Hagedorn, Stark and Lorenz (Ref. 7), 3600 minutes. To explain this discripancy
we sugeest that the German workers did not bhuffer their "aquecus solution' at
pH =.1. A proton is the co-product of each Beckmann decomposition event, and

. . - - .
A starting concentration of the 4-PAM-benzoate at 10 Mothis would be

+

el e
) . = . =6 : .
capable of neutralizing HO O (10 M) after one-tenth of the Beckmoann events,

thus inhibitine base-catalvsis of further decomposition,

we believe that the Beckmann decomposition test can be useful in comparing

the chemical behavior of various PAM structures, but exact experimental
conditions need to be specified by authors.,

The intramolecular mechanism ot the Beckmann decorposition 1= belivved to

= a o
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'f:é proceed as pictured below for syn 3-F-4-PAM-benzoate:

CORS
\";\‘
AN
AN
SIS L Cy
\g\. Oj \o .
\
e ! — 0" 0
¥, : N —~H (eq. 6)
15k S " HE
LN C C
--,,":
‘\:‘l\') F F
R
2 (3 O
o l@ o) (@
b CH I e
e 3 CH, I
:}::}' That esterified (including phosphonylated) PAM's readily undergo such an
e elimination ¢f their aldehydic H's (as depicted in eq. 6 above) whereas
o, their unesterified counterparts (free oximes) do so only more slowly is
A
\j_\ consistent with the significant downfield shift (deshielding) those H's
o
:::': experience in their NMR spectra when the oxime group is benzoylated (as
el
e obser~ed earlier in this report). Such deshielding renders the aldehydic
el H's more proton-like and thus more dissociable from their carbon atoms.
k 1._, Finally our prediction that this elimination would be accelerated by
..:': the presence of the F atom in the 3-position is confirmed by the present
1N
Y results,
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gl ADDENDUM
gy ELEMENTAL ANALYSIS REPORT (SCHWARZKOPF MICROANALYTICAL LABORATORY, WOODSIDE, NY 11377): \

3-F-4-PAM-benzoate

©

Vd C\\

o
P A )

d
“r:l'l{f

%
Ay Yy

0

~ . '
) '5 C14H12N202FI
> QE,N

~ F MW 386.17 .
x’,
: ®

]
T
- Ca,

£

% THEORY  FOUND 1
ZC 43.54  43.36
% H 3.13 3.31

. % N 7.26  6.99 :
< ¢ % F 4.92 5.21

1. €

e %1 32.86  32.78 '
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Fig. 19
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